T HE problem of human atherosclerosis lias stimulated studies ou a variety of experimental animals, most frequently rabbits, rats, dogs, and chickens. These experiments have been concerned primarily with the induction of lipid containing arterial lesions by manipulations of diet or the endocrine system. Many investigators have been reluctant to transfer the results of such animal experimentation to the prophylaxis or therapy of human disease since the animals commonly used have been relatively far removed from man in the phylogenetic scale. In addition, the procedures inducing atherosclerosis-like lesions have usually required drastic alterations in diet or in hormonal equilibrium for which no ready parallel can be found in man. Furthermore, the lesions which have been produced are in many respects dissimilar to those of human atherosclerosis, and the entire gamut of changes leading to arterial occlusion and clinical disease have been rarely, if at all, produced in animals.
This skepticism has stimulated the search for a more suitable animal for the experimental investigation of atherosclerosis. In recent years, interest has increased in subhuman primates, despite their high cost and difficulties in handling. Early unsuccessful attempts to induce atherosclerotic lesions in rhesus monkeys were followed by successful experiments with cholesterol feeding. 1 " 3 The cebus monkey has also been used. 4 It has been generally believed that naturally occurring lipid containing lesions were rare in these monkeys.
In 1956, the authors observed the aorta and great vessels of a 16-year-old female baboon that died of infection in a local zoo. This baboon had been born in captivity and had been fed assorted vegetables, fruits, and bread. The aorta contained many opaque yellow flecks on its intimal surface, more numerous in the lower abdominal portion and accompanied there by raised, gray, translucent plaques grossly similar to the fibrous or pearly plaques of human atherosclerosis. There were a few small yellow plaques in the major branches of the aorta. Staining of the gross specimen with Sudan IV and histologie sections confirmed the presence of lipid containing intimal lesions. Several baboons of varying size and uncertain origin were then purchased from animal dealers and sacrificed, but no lesions similar to those in the zoo animal were encountered. A limited number of young baboons obtained from the same sources were fed a cholesterol enriched diet and extensive aortic lipid deposits were obtained in 2 baboons after 15 months.
While these experiments were in progress, 2 reports appeared in the medical literature concerning arterial lesions in the baboon. Lindsay and Chaikon* 5 described lesions in the aorta, iliac arteries, and coronary arteries of 2 zoo baboons. Gillman and Gilbert 6 described similar arterial lesions in baboons from a variety of experiments designed to study the effects of removal of different endocrine glands.
These observations suggested to us that baboons may have a higher incidence of atherosclerosis-like lesions than had been suspected for most primates, and that these lesions may develop in the absence of excessive dietary cholesterol. If such wei-e true, the baboon might be an excellent experimental animal for research in atherosclerosis. It appeared desirable to determine the precise incidence of arterial lesions in baboons taken directly from natural habitat that would serve as a source of supply for animals in the future. Such data would constitute a necessary control for any studies planned or in progress on baboons from the same source.
Methods
A contract was made with a professional game trapper in Kenya, British East Africa, to supply the baboons and construct a temporary field laboratory in which the animals could be autopsied. Baboons are so plentiful in this-area that they are considered pests. They live in "troops" of from 20 to 80 animals of all ages and sexes, dominated by a single male. The precise species designation of baboons in this area is a matter of considerable difference of opinion, some zoologists favoring Papio anubis and others Papio rformera.
The baboons were captured in baited traps during July and August of 1958 in an area within a 10-mile radius of the confluence of the Kibwezi and Athi rivers on the Athi plain, about 120 miles east by southeast of Nairobi. The Athi plain is typical East African hush country, with thick low grasses and bushes, small trees, and fewer large trees. Tt lies at an altitude of 3,000 feet a few decrees south of the equator.
The baboons were brought to the laboratory for sacrifice within a few hours after being trapped. Thev were anesthetized bv an intraperitoneal injection of pentobarbital (50 mg./Kg.) while immobilized in a squeeze cage and were then weighed, measured, and exsanguinated bv cutting the braehial artery. Serum was collected for lipid analyses.
Complete autopsies were performed promptly after exsangnination. All viscera were weighed and representative blocks of tissue fixed in 10 per cent neutral formalin. The aorta with, innominate, common carotid, snbclavian, iliac, and femoral arteries attached was opened longitudinally and fixed with the adventitia adherent to a strip of cardboard. A few coronary arteries were examined by longitudinal slitting and removal from the heart, but the majority of the hearts were fixed whole with the coronary arteries intact. The cerebral arteries were left intact on the brain.
Thick and thin blood smears were made on each animal and fecal material from the colon taken for parasitologie study. Skulls were preserved for study of dentition and other measurements. A total of 163 baboons of all ages were examined, ranging in age from fetuses to apparently elderly animals. One hundred fifty complete autopsies, as described above, were performed; on the remaining 13 only external measurements were recorded and the heart and major arterial system were removed.
The aortas and great vessels were stained grossly with Sudan IV and the extent of sudanophilic intimal lipid deposits and any other type of intimal lesion recorded in terms of the estimated percentage of the aortic intimal surface covered. 7 ' 8 Blocks were taken from representative areas of the aortas for paraffin, frozen, and carbowax sections.
The coronary arteries that had been dissected off the heart were stained grossly with Sudan IV. The remainder were examined by taking 4 transverse blocks from the coronary system: 2 from the anterior descending branch of the left coronary, 1 from the left circumflex, and 1 from the right coronary near its origin. Paraffin sections of the aortas and coronary arteries were stained with hematoxylin and eosin and Weigort's elastic tissue stain; frozen sections were stained with Oil Red 0 for fat. Skulls were available for detailed dental examination in 13S animals. These skulls were divided by sex, and within each sex were arranged in the order of developing dentition according to the outline in table 1. Within each dental subgroup, the specimens were then listed by age, i.e., from youngest to oldest, as judged by number of teeth erupted and degree of wear. The remaining 25 animals from which skulls were not retained were fitted into each sex series on the basis of body length, body weight, and organ weights. The absolute ages of these animals in terms of years is not known, since no recorded data on the rate of development of baboons in their natural habitat has been found. All available data are based on observation on animals in captivity, which are not necessarily applicable to those developing outside captivity. If observations on the baboon of South Africa in captivity are used as a guide, females in dental group 2d (in puberty as indicated by testis and uterus weights) are between 3 and 3 % years of age. 0 The age of the oldest animal is even less certain: baboons live at least 16 years in captivity and it is not known whether those in nature live as long as, or longer than, those in captivity. Our impression is that the rigors of competition for food and attrition of natural enemies in the bush seldom permit survival of animals to ages as great as the maximum attained in captivity.
Results

Aortas and Great Vessels
Tntimal aortic lesions were visible in a few animals before staining of the gross specimen with Sudan IV. Those that could be seen were small translucent glistening plaques, slightly elevated above the surrounding surface, and usually not more than 2 to 3 mm. in diameter. These were often located about the orifices of branching vessels.
Gross Sudan staining demonstrated a large number of fatty deposits that had been unsuspected previously. Approximately half of these were of only minimal degree, estimated to involve less than 1 per cent of the aortic intimal surface. Most of the remaining positive specimens had between 1 and 10 per cent of the intimal surface involved, and an occasional specimen even more. Prevalence and extent of fatty deposits in animals by dental age groups are shown in tables 2 and 3.
Both grossly and histologically, 2 distinct types of Sudan-positive fatty deposits could be differentiated. The most frequent of these (but least extensive in surface area covered) was a small triangular streak inferior to the orifice of a large branch of the aorta, often overlying one of the pearly plaques mentioned above. Though small, these were sharply our.-
Figure 1
Female Kenya baboon, 13.6 Kg., dental group 3b. Sudan IV stained thoracic and abdominal aorta. In the thoracic aorta there is a moderate amount of pale Sudan staining without sharply delimited borders. Below the orifices of the renal arteries, and just above the bifurcation, are small but intensely stained lipid deposits.
Figure 2
Oil Red 0 hematoxylin stained carboivax section from plaque below orifice of renal artery of specimen shown in figure 1 . There is a thick intimal plaque lying above the internal elastic lamina composed of connective tissue, smooth muscle cells, and large amount of lipid. X 100.
lined and stained quite deeply, indicating a high local concentration of lipid ( fig. 1 ). Oil Red 0 stained frozen sections showed numerous small and large lipid globules in the intima and sometimes in the underlying media. The fat appeared to be in interstitial spaces, in macrophages, and in the cytoplasm of smooth muscle cells ( fig. 2) .
The other type of fatty deposit in the aortic intima occurred away from orifices and was less intensely stained by Sudan than the first type ( fig. 3 ). Furthermore, it was less sharply outlined and the edges faded into adjacent .normal intima. These areas occurred in both thoracic and abdominal portions of the aorta, and were not associated with the more intensely stained deposits about vessel orifices. They accounted for the majority of the specimens with more than 1 per cent of the intimal surface involved. One aorta from an adult female had an estimated 80 per cent of the Circulation Research, Volume VIII, May 1960
Figure 3
Female Kenya baboon, 11.6 Kg., dental group 2c. Sudan IV stained thoracic and abdominal aorta. This specimen is the most extreme example of the diffuse type of lipid deposit, occupying an estimated 80 per cent of the thoracic aorta and 50 per cent of the abdominal aorta.
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Figure 4
Oil Bed 0 stained frozen sections from thoracic aorta of specimen in figure 3 . There are numerous fine lipid globules which appear to be encrusted along elastic laminae in the intima. X 100.
thoracic aorta and 50 per cent of the abdominal'aorta covered by such fatty deposits ( fig.  3 ). Histologically, these fatty deposits were composed of numerous fine fat globules which in the light microscope appeared to be extracellular and encrusted along both surfaces of the inner elastic laminae, ( fig. 4 ). However, electron micrographs of the same tissue showed that practically all of these fat globules were intraeellular.
The aortic pearly plaques adjacent to orifices were histologically composed of smooth muscle cells, fine elastic fibers, and fine reticular fibers to form a smoothly rounded plaque lying on the luminal side of the internal elastic lamina. As mentioned above, these plaques sometimes contained lipid either near the endothelial surface or deep within the plaque, but they never contained a large concentrated core of lipid rich material such as is typical of human fibrous plaques.
Figure 5
Male baboon, 2-i Kg., dental group 3d, oldest in series. Lower abdominal aorta and iliac arteries, not stained. Extensive grayish vjhite plaques of intimal thickening; occasional yellowish lipid streak (not demonstrated in this photograph) and 2 fibrous plaques trith hemorrhage beneath them. One of these hcmorrhagic plaques is in the abdominal aorta and the other in the iliac.
The oldest male in the series had lesions that were quite dift'ereut from the others. In addition to fairly extensive fatty streaks (some of which were apparent without fat staining), a large pearly plaque with hemorrhage in its center was in the lower abdominal aorta. There was another similar liemorrhagic plaque in the right iliac artei'y ( fig. 5 ). These hemorrhagic pearly plaques were by far the most striking facsimile of advanced human lesions. Microscopic sections confirmed the impression that they were large pearly plaques with recent and old hemorrhage in them ( fig. 6) .
In a few animals, there were intimal fatty deposits in the proximal portions of the large branches of the aorta similar to those in the aorta. These were of the type in which fine, fat globules were scattered along the internal elastic lamina. An exception is the unusual lesion in an iliac artery illustrated in figure 7 . This lesion consisted of a thickened intima containing much lipid and many foam cells ( fig. 8 ). The media was normal, but in the adventitia there was a focal collection of lymphocytes, suggesting that this segment of the vessel had been the site of injury and thereafter was subject to localized intimal lipid deposition.
Coronary Arteries
Iii the 4 adult males whose coronary arteries were examined by longitudinal slitting and gross staining with Sudan IV, no intima] lesions were observed. The histologic sections
Figure 6
Elastic tissue stained paraffin section of hemorrhagic fibrous plaque in abdominal aorta of specimen in figure 5 . The media is unaltered. There is a thick layer of connective tissue at the base of the plaque; overlying this layer is the separated and fragmented mass of recently extravasated blood; and overlying the blood is a layer of intact endothelium and a thin sheet of connective tissue. The base of the plaque contains many iron positive pigment laden macrophages, evidence that hemorrhage has also taken place in the past. X20. from the remaining coronary arteries showed a high incidence of small musculo-elastic plaques (table 4, fig. 9 ). Frozen sections cut from adjacent blocks were stained with Oil Red 0 in about half the adult animals, and showed only a rare small area of lipid deposition, either in the musculo-elastic plaques or in the intima. There were no lesions identical to human coronary atherosclerotic lesions, and there were no points at which the lumen was significantly reduced in size.
Cerebral Vessels
Study of the brain is uot yet completed at this time, but observation of the unopened cerebral vessels attached to the brain disclosed no obvious lesions of the cerebral arteries.
Pulmonary Arteries
No lesions or abnormalities of any kind were observed in the main pulmonary artery or its major branches.
Small Arteries and Arterioles
No significant changes occurred in the small arteries of the heart, lungs, spleen, liver, esophagus, stomach, duodenum, small or large intestine, pancreas, adrenal, kidney, urinary bladder, thyroid, thymus, salivary glands, skin or skeletal muscle. The arterioles, like-
Figure 7
Female baboon, 13.6 Kg., denial group 3d. Sudan TV stained iliac arteries. There is a slightly elevated, intensely stained lesion in the right iliac artery.
wise, revealed no abnormalities. A few sections of tongue from older animals showed medical calcification of small muscular arteries.
Hearts
There was no obvious hypertrophy or congenital deformity of any of the hearts. One heart had an area of thinning of the anterior wall of the left ventricle, external^ suggesting a healed infarct. The coronary arteries in this heart were examined with special care and no point of occlusion, even in the artery leading directly into the scarred area, could be demonstrated. Histologically, this area consisted of scar tissue and scattered myocardial fibers, with occasional mononuclear cells. Sections of the coronary artery in this region contained several large musculo-elastic plaques of the type described previously, but these were not sufficiently large to produce occlusion. It was surmised that this myocardial scarring might have been due to obsolete trauma or parasitic infection.
Leungs
There was a heavy infection of the lungs in most animals with lung mites (pneumonyssus), producing numerous yellow soft nodules from 1 to 5 mm. in diameter and firmer fibrotic nodules of similar size. 0 Histologically, these pulmonary lesions related to the lung mites ranged from abscesses to densely fibrotic nodules. In some of the animals, the lung involvement was so extensive that pulmonary insufficiency of some degree was probably present, but no right ventricular hypertrophy was observed.
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Figure 8
Oil Red 0 stained frozen section of lesion in iliac artery illustrated in figure 7 . There is a 2 J laque lying above the internal elastic lamina of approximately the same thickness as the underlying intact media, in the upper portion of which, there are numerous lipid globules. There are also many fine globules that appear to be encrusted along elastic fibers in the lovoer portion of the plaque. X100.
Liver
Many of the livers contained lesions related to Hepatocystes kochi 10 and Schistosoma ma/nsoni. Details will be presented elsewhere. 11 ' r -No cirrhosis was encountered.
Alimentary Tract
The alimentary tract contained manj r parasites of all kinds from amoebae to helminths. The mucosa of the colon, like the liver, contained many ova of Schistosoma mansoni.
Kidneys
No morphologic changes in the kidneys were present in any animals.
Body Fat
All animals had a thin layer of bright yellow subcutaneous fat a millimeter or less in thickness beneath the abdominal skin. There was a moderate amount of similar fat in the retroperitoneal and mesenteric regions, and a slight uniform deposit of fat along the courses of the superficial vessels in the epieardium. There was no obesity; in fact, all of the baboons would be classified as lean.
One Hundred Fifty-Five Baboons by Dentition and Histologic Musculo-Elastic Intimal Thickenings in the Coronary Arteries
Serum Cholesterol
Samples of serum cholesterol determinations were available on 108 animals. These serum cholesterol levels ranged from 35 to 168 rag. per cent with an average of 78. No trend of serum cholesterol levels with age could be determined, nor was there any significant difference between males (75) and females (81. ing. per cent).
Pregnancy
Many of the females were in various stages of pregnancy or lactation, but there was no association of these states with either the presence or absence of arterial lipid deposits. No females could be identified as "postmenopausal"; pregnancies were frequent even in the oldest group of females, as judged by dentition.
Discussion
These observations have established the prevalence of arterial lesions in the Kenya baboon in his natural environment. It has been clearly demonstrated that sudanophilic aortic intimal lesions exist in baboons under these conditions. In the analysis and interpretation of results, the principal interest centers around the relationship of the intimal lesions to age, sex, diet, blood lipids, pathogenesis, and comparison of these lesions with other reported arterial lesions in baboons and with human arterial lesions.
Both prevalence and extent of fat deposits increase with relative age as determined by dentition, but the acceleration in growth of fatty streaks during the pubertal period was not as great as that observed in humans. 8 Fibrous plaques in the aorta were too few to detect any consistent trend with age. There was no significant change in incidence or extent of coronary musculo-elastic thickenings with age beyond dental group 1. There was no significant difference in lesions between males and females, nor could any relationship of the lesions with pregnancy be detected.
No reliable data on the natural diet of these baboons are available. Examination of stomach contents of the sacrificed animals was valueless because the trapped baboons had been consuming bait from the traps for periods up to several weeks. The consensus of casual observations by hunters and scientists in the region is that they consume principally nuts, fruits, vegetables, sisal and berries. They will occasionally eat eggs from bird nests or will eat small rodents and insects. Observers agree that the latter sources do not account for any appreciable portion of their dietary intake, and it is concluded that their intake of animal fat and protein is negligible. Consequently the presence of intimal lipid cannot be ascribed to the iugestion of excessive amounts of animal fat or cholesterol.
The average values for serum cholesterol are considerably lower than those reported by Van Zyl and Kerrich 13 for adult baboons (139 mg. per cent) and the variation from one baboon to another is much greater. These differences may be due to several factors other than difference in species. The South African baboons had been in captivity for prolonged periods, and probably were more uniform in their dietary intake and habits than the animals taken from their natural habitat in Kenya. The data on serum cholesterol in these animals indicate that it is very unlikely that hypercholesterolemia can be a significant factor in producing the observed lesions.
The absence of hypercholesterolemia, the fact that practically all the lipid droplets are intraeellular, and the absence of connective tissue changes indicate that the lipid does not accumulate by a process of simple filtration or encrustation on damaged elastic laminae. The presence of lipid in smooth muscle cells of otherwise normal media and intima suggests that it may be synthesized locally.
Few aortic lesions appeared to be in transition from fatty streaks to fibrous plaques. Consequently, it is impossible to say that the fibrous plaques in baboons are formed by 'cicatrization of fatty streaks, as is thought to be the case in humans.
These observations are in accord with the reports of Lindsay, 5 and of Gillman and Gilbert, 8 with respect to the frequent occurrence of arterial lesions in baboons, but they show that neither prolonged confinement nor experimental manipulation are necessary for their production.
Ratcliffe and Cronin 14 have reported the incidence of "arteriosclerosis" (defined as intimal thickening) in zoo animals, hut since they do not classify the animals in taxonomic groups smaller than families, comparison with their data is not possible. Fox 15 reported arterial lesions in a large series of primates, and described an atheromatous plaque at the orifice of a coronary artery in a single adult baboon.
Similarities in the qualitative features of the lesions are remarkable in view of the diverse origins of the different groups of baboons. The pattern of accumulation of fat globules along elastic fibers is identical to that The baboons' lesions share many of the characteristics of the corresponding types of human atherosclerotic lesions, but they are by no means morphologically identical. The lipid deposits in baboons often occur without appreciable intimal thickening and usually do not contain lipid filled macrophages (foam cells). The lesions in the 2 cholesterol-fed baboons obtained from commercial animal dealers, both grossly and histologically, resembled more closely fatty streaks in humans than did those in the Kenya baboons described in this report. The absence of the sharp rise of fatty streaks in pubertj' and the absence of transitional stages between fatty streaks and fibrous plaques are also features in which baboon lesions differ from those in humans. The fibrous plaques in baboons, although often containing some lipid, do not have the core of lipid rich grumous material so typical of human fibrous plaques. However, the presence of hemorrhage into fibrous plaques is remarkably similar to one frequent complication in advanced human lesions. There was no evidence that any of the arterial lesions observed in the Kenya baboons had produced occlusion of a vessel or interrupted the blood supply to an organ.
These observations on baboons taken directly from their natural habitat indicate that this plentiful primate species is highly susceptible to aortic intimal lipid deposition and other aortic and coronary intimal lesions without experimental manipulation. Therefore, the baboon promises to be an excellent experimental animal for the study of atherosclerosis. For experimental work involving dietary manipulations, the baboon offers another advantage over other more commonly used primates, such as the rhesus monkey, in that no difficulty has been encountered in inducing them to eat any type of diet. When hungry they will readily consume even the most unpalatable-appearing synthetic high-fat diet. They will devour eggs and ice cream. It would be possible to feed them the equivalent of an average human diet.
These results also indicate that experiments concerned with the production of arterial lesions in primates will require an adequate number of control animals to make possible proper evaluation of the results. This precaution will be necessary despite the cost and difficulties involved in maintaining large numbers of the animals.
Summary
One hundred sixty-three baboons (Pa.pio doguera) were sacrificed and autopsied immediately after being trapped in their natural habitat in Kenya, British East Africa. Approximately three-fourths of the 67 adults had some degree of aortic intimal lipid deposition, as indicated by gross Sudan IV staining, and a few animals had extensive fatty streaks. These fatty streaks were more frequent with advancing age, but there was no sex difference. Electron microscopy disclosed most of the intimal lipid droplets to be intracellular. Fibrous plaques were infrequent and had a variable but usually low lipid content. One elderly male had fibrous plaques with hemorrhage into their bases. Histologic sections of the coronary arteries showed many small musculo-elastic intimal plaques in which lipid could only rarely be demonstrated. The aortic intimal lipid deposits cannot be attributed to the consumption of excessive animal fat or to hypercholesterolemia. These results indicate that the baboon, like man, is highly susceptible to arterial intimal lipid deposition and that it promises to be an excellent animal for the experimental investigation of atherosclerosis. They furthermore caution that adequate controls be used in all experimental work involving arterial lesions in primates. liumerosc placas musculo-elastic intiinal in le quales le prescntia tie lipiclo esseva demonstrabilo sohnente in nir casos. Le depositos lipidic in le intima del aorta noil poto osser attribuite al coiisumo de excessive quiintitatos de grassia animal o a hypereholesterolemia. Iste resultatos demonstra quo le babuin, como le liomino, es suscoptibilissime de contraher depositos lipidie in le intima arterial, de maniera que illo promittc esser e.xcellente como animal experimental in le investigation de atherosclerosis. Le resultatos demonstra simultaneomente le importantia de adequate controlos in omnc investigationes experimental de lesiones arterial in primates.
